Pseudoaneurysms and arteriovenous fistulas (AV fistula) are two puncture site complications that can occur after cardiac catheterization. Although the occurrences are rare, with more than one million cardiac catheterizations being performed in the United States each year, they are becoming more common as the number of complex invasive procedures continues to grow. 1,2 They can be a source of emboli, may cause infection and vascular thrombosis, and can rupture or cause high-output cardiac failure. 3 A case is presented of both a pseudoaneurysm and an AV fistula occurring in the same patient following a cardiac catheterization.
Pseudoaneurysm and Arteriovenous Fistula Simultaneously After Cardiac Catheterization
KANDY LAMB, BS, MA Pseudoaneurysms and arteriovenous fistulas are rare complications associated with cardiac catheterization. A patient presented with atrial fibrillation after cardiac catheterization was performed one month prior. A sonogram was ordered due to leg swelling and an audible bruit in the right groin. The sonogram showed findings that were consistent with a pseudoaneurysm and arteriovenous fistula in this region. To obtain clinical correlation, an arteriogram was performed confirming these findings. A covered stent was implanted for treatment, which showed excellent results in a follow-up arteriogram and sonogram. Sonography served as an excellent modality in the evaluation and diagnosis in this case.
The patient had cardiac catheterization one month prior, with postprocedure bleeding complications from a right common femoral artery access site that was unknown at the time of original discharge. She presented this day with atrial fibrillation, leg swelling, and an audible bruit in her right groin. A Doppler sonogram of her lower extremities was ordered to rule out deep venous thrombosis and possible AV fistula. The examination was performed with an ACUSON Sequoia 512 system (Malvern, PA) with both a 6-MHz linear and 4-MHz curved array transducer. Gray-scale and pulsed Doppler images were acquired of the venous system of the bilateral lower extremities. In addition, Doppler interrogation was performed at the level of the right common femoral artery and vein.
The left lower extremity had normal compressibility, as well as respiratory variation and a normal response to augmentation. The right lower extremity showed a round, hypoechoic focus, which measured 1.4 × 0.9 × 0.8 cm, at the level of the common femoral artery and vein ( Fig. 1 ). Power Doppler interrogation showed a small amount of linear flow within the lesion. The findings were consistent with a partially thrombosed pseudoaneurysm. In addition, Doppler evaluation showed a high-turbulent, low-resistant arterialized waveform within the right common femoral vein (Fig. 2 ). Persistence of color in the surrounding tissue was also seen at this level due to vibration from the bruit. These findings were consistent with an AV fistula, complicating the pseudoaneurysm. The venous system of the right lower extremity showed no evidence of deep venous thrombosis. An arteriogram was then recommended to confirm the sonographic findings.
The arteriogram confirmed a direct communication of the superficial femoral artery with the femoral vein via an AV fistula, in addition to a pseudoaneurysm (Fig. 3 ). The fistula originated 4 cm distal to the superficial femoral artery origin. Because of this, a covered stent, measuring 7 × 22 mm in length, was placed blocking the communication between the artery and vein. After deployment of the stent, a follow-up arteriogram showed no sign of the AV fistula or the pseudoaneurysm ( Fig. 4) .
A follow-up sonogram study was preformed after placement of the covered stent in the superficial femoral artery. Arterial and venous Doppler evaluations of the right groin were performed. The femoral artery had normal triphasic waveforms, with no stenosis noted. The pseudoaneurysm was completely thrombosed. A slight pulsatility in the venous waveform near the pseudoaneurysm, likely due to adjacent contact pulsation from the pseudoaneurysm and thrombosed fistula, was noted.
Discussion
Invasive vascular procedures carry a risk of vascular complications at the puncture site. 4 Following cardiac catheterization, pseudoaneurysms and AV fistulas are examples of these possible complications.
Pseudoaneurysms arise from a disruption in the arterial wall, resulting in blood dissecting into the tissues around the artery, forming a perfused sac that is contained by the media or adventitia or simply by soft-tissue structures surrounding the injured vessel. 5 This is the most common complication of cardiac catheterization, occurring in 0.2% to 2.0% of cardiac cases. 1, 4 Sonography is an effective means of making the diagnosis of pseudoaneurysm. 4 Clinical symptoms can include swelling, pain in the groin, or a palpable mass. 6 Sonographically, pseudoaneurysms usually appear as a hypoechoic cystic structure adjacent to the supplying artery. Other findings include visibility of a communication tract or neck, a "to-and-fro" spectral Doppler waveform in the neck (Fig. 5) , and the periphery of the pseudoaneurysm thrombosed with a hypoechoic or anechoic central area (Fig. 6) , creating a swirling motion (or yin-yang sign) within the lumen. 5, 7 Another puncture site complication is an AV fistula. These occur as a result of a puncture to both an artery and a vein, resulting in a direct communication between the two vessels. Due to the pressure gradient between arteries and veins, blood flows from the area of high pressure (arterial) to the area of low pressure (venous). 7 The occurrence of an iatrogenic AV fistula is less than that of a pseudoaneurysm, with an incidence rate of less than 1%. 8, 9 Diagnosis is important to prevent complications such as progressive heart failure due to cardiac volume overload. 8 Clinical symptoms of an AV fistula include a palpable thrill and a loud bruit heard over the site. 7 Sonographic findings include persistence of color in surrounding tissue, a monophasic arterial waveform with high diastolic flow proximal to the fistula, and increased flow in the vein draining the AV fistula, which appears turbulent with an arterial phasicity, or "arterialized" pattern ( Fig. 2) . 7, 10 The femoral artery is the primary site for access in cardiac catheterization. 8 When the puncture site is below the level of the femoral head and/or below the bifurcation of the common femoral artery, as in our case, the lack of bony support during arterial compression after catheterization contributes to complications. Puncture over the femoral head would allow better compression of the vessels and might decrease the occurrence of these complications. 3 Options for treatment include surgical repair, implantation of covered stents, or metallic coils for embolization and sonogram-guided compression. 8, 9 In this case, the implantation of a covered stent was selected due to the technical simplicity and high-success, lowcomplication rate. 11 Pseudoaneurysms and AV fistulas occurring together are extremely rare. 6
Conclusion
Diagnostic sonography has proved to be an effective modality in the evaluation and diagnosis of puncture site complications. Awareness of the variety of complications that may arise and their classic sonographic appearance add extreme value as sonographers are depended on to evaluate patients after procedures such as cardiac catheterization. Heightened knowledge is key in giving sonographers the confidence to detect such complications as pseudoaneurysms and AV fistulas.
